I. INTRODUCTION
In past decades, many excited states of nucleon were observed and their properties, such as the mass, width, decay modes, decay branching fractions and etc., were more or less accurately measured. Most of these states and their properties can be well-explained by quark models, but some of them cannot be fitted into the nucleon spectrum predicted by the three-valence-quark model. To explain the discrepancy, except that the data is lack of higher accuracy and statistics due to the limited experimental technique and method, one speculated that these states may contain some constituents other than three u and d valance quarks, especially the s ands quarks, and suggested to check this conjecture through experiments. Later, in the high energy physics and nuclear physics experiments, through the data analysis, one found that some excited states of nucleon (N * ) couple strongly with strange particles. For instance, in either J/ψ →pK + Λ decay, or pp → pΛK + reaction near the kaon-production threshold [1, 2] , or γp → K + Λ kaon-photoproduction process [3] [4] [5] [6] , N * (1535) has a significant strength of coupling to the KΛ channel. This indicates that the N * (1535) state may contain a considerable mount of ss component, which is consistent with a very large branching fraction of 45 ∼ 60% for the N * (1535) → Nη decay.
On the other hand, the φ-meson is mainly composed of ss. According to the OkuboZweig-Iizuka (OZI) rule [7] , the production rate of φ-meson in the nuclear process would be suppressed if the initial interacting particles do not contain a constituent with s ands quarks.
On the contrary, if a N * contains strange constituents, its coupling with a channel involving a φ-meson might be relatively strong. In fact, it is found that the pp → ppφ and π − p → nφ reaction data can be well-explained as long as the coupling constant of φNN * (1535) is sufficiently large, which implies that such a significant coupling is closely related to a fact that a considerable mount of ss component is involved in the wave function of N * (1535) [8] .
Therefore, in the charm physics experiment at BESIII, say the measurements of J/ψ hadronic decays, the Nφ decay channel of J/ψ would also be a good place to check whether some and cannot be fitted into the nucleon spectrum from theoretical models have remarkable branching fractions in some decay channels involving strange particles, say Nη, ΛK and etc.
For instance, the branching fractions for N * (2090) → Nη, N * (2100) → Nη and N * (1900) → Nη are about 41%, 61% and 14%, respectively [19] . This implies that these states might have sizable strange constituents, and the effect of such ingredients should show up in the J/ψ → ppφ decay.
In fact, the branching fraction of J/ψ → ppφ was measured by the DM2 Collaboration in 1988 [9] . However, due to the insufficient statistics, no resonance information was extracted.
Recently, the luminosity of BEPCII has reached over 3 × 10 32 cm −2 s −1 around J/ψ peak, a huge amount of J/ψ events, say 3 × 10 9 , will be collected at BESIII in one year. The new data set would offer an opportunity to study the possible strange ingredient or even pentaquark in the nucleon resonance.
Based on the mostly accepted assertion that the J/ψ → ppφ decay is dominated by a process with intermediate nucleon resonances, so-called resonance model, we study the possibility of strange ingredients in the mentioned resonances through this decay in an effective Lagrangian approach. It is our hope that the information of the strange structure in nucleon resonances, especially those which are not well-established, can be deduced, and a reference for coming BESIII data analysis can be provided.
The paper is organized in the following way. In Section II, the theoretical model and formalism are briefly introduced. The results are presented and discussed in Section III.
And in Section IV, a concluding remark is given. It should have a relatively large branching fraction for a decay in which strange particles are involved. As a consequence, it might have, according to the OZI rule, a configuration with strangeness, so that it would be easier decaying into Nφ and relatively important in the J/ψ → ppφ decay. It would also be reasonable to take the embedded N * state with its spin up to 5/2 only, since the contribution from a N * state with higher spin would encounter a power suppression due to a large relative angular momentum. In the practical calculation, in the mass region above the pφ threshold, we only take N * 1/2 − (2090)S 11 and N * 1/2 + (2100)P 11 with the Nη decay branching fractions of about 0.41 and 0.61, respectively, although the contribution from the later one would subject to a p−wave suppression, and ignore N * 1/2 + (1440)P 11 , and N * 1/2 + (939)P 11 is as follows. For N respectively, which are much smaller than those for N * 1/2 − (1535)S 11 . Moreover, one argued that due to the weak coupling of N * 1/2 − (1650)S 11 to Nρ from SU(3) symmetry, the coupling between N * 1/2 − (1650)S 11 to Nφ might also be weak [8] . In fact, if both N * 1/2 − (1535)S 11 and N * 1/2 − (1650)S 11 are used to fit the π − p → nφ data, the later one would give an inappropriate contribution at the higher energies and the fitted result shows an almost zero contribution from N * 1/2 − (1650)S 11 [8] . For N * 3/2 + (1720)P 13 , its branching fractions to Nη and ΛK are less than 0.04 and about 0.01∼0.15, respectively, which are 2∼3 times less than those for the N * 3/2 + (1900)P 13 state. For N * 1/2 + (1710)P 11 , its branching fraction to Nη is less than 0.06, which is almost 10 times less than that for N * 1/2 + (2100)P 11 , and its branching fraction to ΛK is about 0.05∼0.25, whose largest value is about the same as that for N * 1/2 + (2100)P 11 . Additionally considering the factor that N * 3/2 + (1720)P 13 and N * 1/2 + (1710)P 11 are the states below the Nφ threshold, their contributions would be smaller than that from N * 3/2 + (1900)P 13 and much smaller than that from N * 1/2 + (2100)P 11 , respectively. In fact, their contributions are evidently small near the Nφ threshold region in the π states even suffer from the high-partial-wave suppression [8] . Based on such a discussion and the result given by the partial wave analysis (PWA) in Ref. [11, 12] , we can safely assume that if N * 1/2 − (1535)S 11 , N * 3/2 + (1900)P 13 , N * 1/2 − (2090)S 11 and N * 1/2 + (2100)P 11 can give a contribution about 85% to 90% of the total, taking these four N * states to study a system with strange particles, for instance the J/ψ → ppφ process, would be meaningful. For simplicity, we omit the spectroscopic symbol in the notation of the N * state hereafter.
II. MODEL AND FORMALISM
To reveal the decay property of the J/ψ → ppφ process, the coupling constants g φN N *
and g ψN N * should be fixed at the beginning.
A. Determination of g 2 φN N * As mentioned in Ref. [8] , the φ-meson production near the threshold in the π − p → nφ reaction is dominated by the intermediate nucleon resonances in the s-channel, and the uchannel N * exchange and the t-channel ρ-meson exchange between pion and proton are found to be negligible, although in some references the t-channel ρ-meson exchange and/or nucleon pole contributions were assumed to be important [8, 13] . Based on this argument, the coupling constant g 2 φN N * can be extracted by fitting the cross section data of the π − p → nφ reaction [8, 10] . The s-channel Feynman diagram for such a process is shown in Fig. 2 − where J and P denote its spin and parity, respectively, the effective Lagrangian can be written as [8, 14, 15] 
with
and with J P N * = 3 2 + , say N * (1900), [14] 
where g πN N * , N * µ , N, π and τ denote the coupling constant of a pion to a nucleon and a N * , the Rarita-Schwinger field of N * with its spin of 3/2 and mass of M N * , the field of nucleon, the field of π and the isospin matrices, respectively. And the effective Lagrangian for the ηNN * (1535) coupling can be expressed by:
With these Lagrangians, the partial decay widths of the N * states can easily be derived by evaluating the transition from the initial N * state to the final Nπ (Nη) state
Γ N * (2100)→N π = 3g
and
By re-producing the mass, the width and the πN(ηN) channel branching fraction of the N * state [19] measured in the experiment, the phenomenological coupling constant g 
with q being the four-momentum of N * and Φ µ being the field of φ meson. For a N * with
and for a N * with J
To reckon for the off-shell effect of N * , a form factor
with Λ being the cut-off parameter is introduced in the MNN * vertex [16, 17] .
The propagator G J P (q) of a N * J P with the quantum number J P and momentum q can be written in a Breit-Wigner form [18] . For the J N * = 1/2 state,
where Γ N * denotes the total decay width of the N * state, and the + and − signs on the left of q are the signs for the positive and negative parity states, respectively. For the J N * = 3/2 state,
. (17) In terms of the effective Lagrangian, form factor and N * J P propagator mentioned above, we use Feynman rules to write the invariant amplitude contributed by a N * in the s−channel
where u, ϕ φ and ϕ π denote the fields of the nucleon, φ−meson and π−meson, respectively, 
where N * runs over all the considered states. Consequently, we can calculate the total cross section of the π − p → nφ reaction by using the following equation
with dΦ 2 being an element of the two-body phase space, and P being the total momentum of the system. By adjusting the coupling constants g 2 φN N * to fit the total cross section of the π − p → nφ reaction, we can extract a set of phenomenological g 2 φN N * . We would further mention that the contributions from the u−channel and meson-exchange channel will not be included in the calculation, because they are negligibly small [8] . and J/ψ → ppη decays [11, 12] . The Feynman diagrams for these decays are the same as those in Fig.1 except that the φ-meson is replaced with the π-and η-mesons, respectively.
The effective Lagrangian for the J/ψNN * interaction can be chosen in the following form:
with p ψ and ε(p ψ ) being the four-momentum and the polarization vector of J/ψ, respectively, for a N * with J
It should be mentioned that J/ψ meson produced in BEPCII is transversely polarized, namely s 3 = ±1. The completeness condition of polarization vector obeys
where ǫ µ ( p, s), p and s denote the polarization vector, the momentum, and the polarization direction of J/ψ, respectively, and δ is a Kronecker Delta symbol.
Then, the invariant decay amplitude contributed by a specific N * in the J/ψ → pnπ − (J/ψ → ppη) decay can easily be written as
with u (v) being the field of proton (anti-proton), ϕ ψ and ϕ π(η) being the fields of ψ and π(η), respectively, p p , pp, p π(η) and p ψ being the momenta of the proton, anti-proton, ψ-meson and π-(η-)meson, respectively, s p , sp, s π(η) and s ψ being the spins of the proton, anti-proton, ψ-meson and π-(η-)meson, respectively, and Γ π(η)N N * and Γ ψN N * being the vertex functions of π(η)NN * and ψNN * , respectively. The coefficient ξ is taken to be √ 2 for the pnπ 
where the factor of 1/2 comes from the average over the J/ψ spin. The partial decay width
By fitting the branching fractions of (2.09±0.18)×10 −3 for J/ψ → pnπ − and (2.12±0.09)× 10 −3 for J/ψ → ppη [19] , respectively, the magnitude of g 2 ψN N * can be extracted.
Using the effective Lagrangians mentioned above, the invariant amplitude of the J/ψ → ppφ decay can easily be derived. Its form is the same as that in Eq.(25) except that π is substituted with φ
The formulae of the invariant amplitude contributed by various N * s are given in Appendix C. Then, the total invariant amplitude can be obtained by summing over the contributions from all possible N * states
where the factor of 1/2 is due to the average over the J/ψ spin as usual. The invariant mass spectrum of pφ in the J/ψ → ppφ decay can be expressed as [19] dΓ dΩ * p dΩp
where (|p * p |, Ω * p ) is the momentum of proton in the rest frame of p and φ, and dΩp is the angle of anti-proton in the rest frame of the decaying J/ψ. Integrating over all the angles in the rest frame of J/ψ, the Dalitz plot can be derived in the following form [19] 
III. RESULTS AND DISCUSSION
Based on the discussion in the last section, only N * Table I .
From this table, it is clearly shown that the result is reasonable, namely it consists with the fact that the larger the partial decay width is, the stronger the N * couples to the decayed particles.
Then the coupling constants g φN N * for various N * s can be extracted by fitting the total cross section data for the π − p → nφ reaction. To consider the off-shell effect of N * , a form factor in Eq. (15) From Fig. 3 , we find that N * 1/2 − (1535) provides a major contribution in the whole energy range considered, especially near the Nφ threshold. The contribution from N * 3/2 + (1900) is relatively flat in the high energy region. The cross section from N * 1/2 − (2090) or N * 1/2 + (2100) has large uncertainty. Its shape depends on the total width of the state, Γ N * . If Γ N * is small, the cross section curve would show a relatively narrow peak around the mass of the N * , otherwise it presents a broad structure. This is simply because that a Breit-Wigner form for the N * propagator is adopted in the calculation. The P wave N * 1/2 + (2100) state can only play a minor role although it has a large branching fraction to Nη, since its contribution near the Nφ threshold is too small. Furthermore, the contribution from N * (2090) cannot be large because of a counter-contribution from the interference term between N * (2090) and N * (1535) in a region close to the Nφ threshold, namely a larger contribution from N * (2090) makes the fit worse. In conclusion, although some higher resonances are introduced, the dominate contribution in the π − p → nφ cross section still comes from the N * 1/2 − (1535) state, which is consistent with discussion in Ref. [8] . It should further be mentioned that the contribution from all the interference terms is about 2% only. Thus, the assumption that the contribution from ignored N * s including their interference terms is about 10∼ 15% of the total would be reasonable, and arranging the contributions from mentioned four N * s in a range of 85∼ 90% of the total will not affect our qualitative conclusion.
Based on the best fit, namely a small enough χ 2 and a reasonable overall fit, we can extract the coupling constant g Table III . From this table, we find that g Table IV .
From the numerical values in Table IV and the pφ invariant mass curves in Fig. 4 , we have following observations. From Fig. 4(a) and Table IV , one sees that in type I the contribution from N * 1/2 − (2090) is about (46.3∼72.1)%, and there is a peak structure around 2.09GeV. The sub-contributions from various N * s shown in Fig. 4 (c) tell us that this structure is mainly contributed by N * 1/2 − (2090) due to its relatively narrow width, namely a stronger coupling between N and φ. This implies that there may exists a large Nφ orss compo- Table IV , one finds that in type II the contribution from N * 1/2 + (2100) is about (76.3∼87.6)%, and there is also a small peak structure around 2.11GeV. The sub-contributions plotted in Fig. 4(d) show that this structure almost entirely comes from contribution of N * 1/2 + (2100), because of its dominant contribution and relatively narrow width. This also implies that its coupling to Nφ could be remarkable, a significant Nφ orss component may exist in N * Finally, we need to mention that the value of the cut-off parameter in a certain range does not qualitatively affect our conclusion.
IV. SUMMARY
In this paper, the J/ψ → ppφ decay is studied in the isobar resonance model with effective
Lagrangians. In such a model, the nucleon resonances are adopted as the intermediate states.
Because of the ss structure of the φ-meson and the OZI rule, the major decay width of this process will be contributed by the resonances who contain strange content. Therefore, this decay process could be used to study the possible strange structure of the nucleon resonances. Finally, we can calculate the physical observables in the J/ψ → ppφ decay by using obtained g 2 πN N * s and g 2 ψN N * s in the type I and type II cases. The invariant mass spectrum of pφ in the type I case shows that there is a peak structure around 2.09GeV due to the major contribution from the narrower N * 1/2 − (2090) state. This means that its coupling to Nφ is relatively strong, and a large Nφ orss component may exist in N * 1/2 − (2090). Meanwhile the contribution from N * 1/2 + (2100) is flatter and smaller, which implies that even there is a strange ingredient in this state, its coupling to Nφ would be weaker. In the type II case, the curve of the invariant mass spectrum of pφ has a small peak structure around 2.11GeV, because of the dominant contribution from the narrow N * 1/2 + (2100) state and negligible contributions from other states. It suggests that its coupling to Nφ is strong, a significant Nφ orss component might exist in the N * 1/2 + (2100). However, one would not be able to reveal the strange structure in N * 
For N * (2100),
